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1
AUDIO COMPONENT COUPLER

BACKGROUND OF THE INVENTION

A. Field of the Invention

The invention relates to audio systems and comprises
a means of externally integrating separate components,
preferably including one or more components having
automatic shut-off capability.

B. Prior Art

Audio svstems produce sound audible to the listener.
In home-entertainment audio systems (colloquially re-
ferred to as “high-fi”’ or “stereo’ systems), a number of
distinct elements are commonly provided in order to
accommodate different sound sources, as well as to
optimize the performance of each of the elements. Thus,
such systems currently typically include at least a re-
cord player and a tape deck, as well as an amplifier.

In “integrated” audio systems, these elements are
incorporated in a common housing and have essentially
fixed interconnections. In “discrete” or “component”
systems, in contrast, the record player, tape deck, and
amplifier typically constitute separate components,
each having its own power supply, and each usually ,.
operable independently of the other. However, they are
externally connectable by the user in certain configura-
tions. For example, both the record player and the tape
deck are connectable to the amplifier, and the latter, in
turn, is connectable to one or more speakers. 10

Integrated audio systems frequently include an auto-
matic shut-off feature whereby all components are
turned off once one of the components, e.g., a record
player or tape deck, reaches the end of its program
material. This is a desirable feature, particularly for ..
those to forget to turn off the system after the program
material is completed, or who fall asleep before doing
so. Nonetheless, this feature is not commonly available
in component audio systems. At most, all that is com-
monly provided in such systems is a switched power ,,
outlet in one of the components, ie., the amplifier,
which can be used manually to turn off all components
at the same time, but which is not responsive to the
automatic cut-off of any component.

External control units for separate components here- .
tofore have been provided, but such units typically
require user action at the control unit itself. This re-
stricts location of the control unit to a place that is easily
accessible to the user.

BRIEF SUMMARY OF THE INVENTION >0

Objects of the Invention.
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Accordingly, it 1s an object of the invention to pro-
vide a means of inexpensively coupling separate audio
components for common automatic shut-off without 55
wiring changes to any of the components.

Further, it is an object of the invention to provide a
means of inexpensively externally integrating separate
audio components into a common automatic cut-off
system. - 60

Yet another object of the invention is to provide, in a
component audio system, the common shut-off advan-
tages of an integrated audio system.

Still another object of the invention is to provide a
means of integrating separate audio components In a 65
common shutoff system which is readily reconfigured
by the user to again form a separate component system
when destred.
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Yet a further object of the invention is to provide a
means of externally integrating separate audio compo-
nents into a system controlled by one or more of such
components.

BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, I provide
an audio component coupler for externally integrating
separate audio components into a system which 1s con-
trolled by one or more of the components. Preferably
the components include at least one component having
automatic cutoff capability so that the components may,
be controlled by it.

The coupler comprises a housing having a main
power connector and at least first and second compo-
nent power connectors. A first power flow path extend-
ing between the main power connector and the first
component power connector transters power to a com-
ponent connected to the connector, and includes a sen-
sor providing an indication of the presence or absence
of power flow to the component at any given time. A
second power flow path between the main power con-
nector and the second component power connector
provides power to a second component connected to
the corresponding power connector and includes a
power interruption means that is coupled to the sensor
and is controlled thereby. An audio component having
an automatic cut-off capability (e.g., a record player or
tape deck) is connectable to the first component power
connector and, in the present invention, serves as a
“master”; an audio component lacking such feature
(e.g., an amplifier) is connected to the second power
connector and serves as a “slave.”

In the preferred embodiment of the invention, the
power flow interrupter is normally de-energized in the
absence of power flow to the master component. How-
ever, as soon as the master is turned ‘“on”, the flow of
power to it is detected by the sensor in the first power
flow path and the interruptor is energized to complete
the second power flow path between the main terminal
and the second component power connector, to thereby
energize the slave. When the power flow to the master
is again terminated, e.g., by automatic turn-off, the in-
terrupter responds to cessation of current in the sensor
to once again interrupt the power flow in the second
flow path and thereby deenergize the slave component.

- Thus, the user can set the system to the automatic cut-

off mode and then leave it without further attention,
knowing that the automatic cut-off component will also
cut-off another component such as an amplifier that is
connected to the coupler. This is especially useful when
the user wishes to fall asleep to music without bothering
to turn off any components. |

Sensors associated with the second power flow path
monitor the status of this path and of the component
connected to it. By switching one or more of the com-
ponents to selected states, the user can determine which
component will control power flow in the second path
without physically accessing the coupler.

The coupler of the present invention is electrically
connected to the respective audio components only
through their power terminals, i.e., through their power
cords, and thus no internal wiring changes whatsoever
are required to operate the system. Accordingly, no
technical competence of any kind is needed to convert
separate, previously uncoupled components to an inte-
grated, common shutoff system through use of the cou-
pler described herein, and it therefore can quickly and
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easily be used by ail. Further, because user access to the
coupler is not required, the coupler may be instalied at
2 Jocation remote from the user (e.g., at a wall outlet)
without inconvenience to the user.

DETAILED DESCRIPTION OF THE
INVENTION

The foregoing and other and further objects and
features of the invention will more readily be under-
stood on reference to the foliowing detailed description 10
of the invention, when taken in conjunction with the
accompanying drawings, in which: |

FIG. 1A is a view in perspective of a coupler con-
structed in accordance with the present invention;

FIG. 1B is a vertical side view of the coupler of FIG. 15
i;

FIG. 1C is a vertical end view of the coupler of FIG.

1;

FIG. 2 is a block and line diagram of the coupler of
the present invention; and | 20
FIG. 3 is an electrical circuit diagram of a particular

embodiment of the coupler of FIG. 2.

In FIGS. 1 and 2, a housing 10, formed of a molded
plastic material or the like, comprises a flat-generally
rectangular casing 12 having a main power connector 25
14 and first and second component power connectors
16, 18, respectively. The connector 14 is adapted for
insertion into a power socket (not shown) for receiving
electric power. The connectors 16 and 18 receive the
power plugs of master and slave components 20 and 22, 30
respectively. In accordance with the present invention,
component 20 advantageously comprises an audio com-
ponent such as a tape deck or record player having an
automatic cut-off switch shown as switch 20z in F1G. 2.
Component 22 preferably comprises an audio compo- 33
nent such as an amplifier which is to be operable In
synchronism with component 20. It contains a conven-
tional on-off switch manually operated by the user and

indicated as 22a in FIG. 2.

A sensor 24 is located in a first power flow path 30 40

including component 20. Similarly, a sensor 26 1s lo-
cated in a second power flow path 32 including compo-
nent 22. A control unit 28 responds to sensors 24 and 26

to control the conduction state of a triac 36. In particu-
lar, when both switches 20a and 22q are closed (i.c., the 45
respective components are “on”), power is coupled
from terminals 14 to terminals 16 to thereby complete
the power loop 30. Sensor 24 senses the flow of current

in the loop 30 and turns on triac 36 via control unit 28

to thereby complete the power flow loop 34. Power is 50
then applied to terminals 18 from terminal 14 through
triac 36. | |

When switch 20a opens (e.g., when the program
material has been completed and the automatic shut-off
feature is activated) the current flow in power loop 30 55
ceases. Sensor 24 responds to this by deenergizing triac
36 via control unit 28. Accordingly, the power tlow
through secondary power loop 34 is interrupted and
component 22 is effectively turned “oft.”

The coupler of the present invention may also be 60
operated to apply power to, and disconnect power
from, component 22 independently of component 20. In
particular, sensor 26 monitors conditions in power loop
32 and can itself control the power flow in this loop
responsive to the opening and closing of switch 222 by 65
the user. Thus, the system can be controlled from either
the component 20 or the component 22, at the option of
the user. Further, the control is effectuated from the
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components, and the user need not physically set or
otherwise manipulate the coupler itself. Accordingly,
the coupler may physically be located at a point re-
moved from the components without inconvenience to
the user.

Turning now to FIG. 3, a circuit embodying the
coupler of my invention is set forth in detail. Sensor 24
includes a transformer 34 having a primary winding 34a
in a series loop with terminals 14 and 16 to form primary
power loop 30. A secondary winding 34b of trans-
former 34 applies a sensor output signal to a rectifying
diode 38 and a filter 39 comprising a resistor 40, a capac-
itor 41, and a bleeder resistor 42. The output of the filter
is connected to drive a control gate 36b of triac 36
through control circuit 28 which includes an OR gate
44 and an AND gate 46 which also receives the output
of the filter. OR gate 44 receives a second input from
flip-flop 48 driven from a second flip-flop 50. Flip-flops
48 and 50 are negative-edge triggered “‘toggle-type”
flip-flops. They are reset by a negative-going transition
from a comparator 64 which provides a “high” level
output as ong as its input is above a certain threshhold
level and a “low” level output when the input is below
the threshhold level. The flip-flop 50 responds to the
transition from the high to the low level.

In like fashion, sensor 26 (F1G. 2) includes a trans-
former 54 having a primary winding 54a in series with
terminals 14, triac 36 and terminals 18, thereby forming
secondary power flow loop 32. Secondary winding 545
is in series with a rectifying diode 56 and a filter 57
comprising resistor 58, capacitor 60, and bleeder resis-
tor 59 connected across capacitor 58. The output of the
filter is applied to comparator 64.

A diode 70 is connected in series with a filter 71
comprising a resistor 72 and capacitor 74 between ter-
minal 18z and ground. A bleeder resistor 76 is shunted
aross capacitor 74 and a comparator 78, operating in the
same manner as comparator 64, is connected to receive
an input from capacitor 74. The output of the compara-
tor is applied to gate 46. A resistor 80 interconnects
terminals 144 and 18a. As will be understood more fully
below, resistor 80 establishes the potential at terminal
1842 in accordance with the setting of switch 224 in the
absence of current in winding 54a.

The circuit shown in FIGS. 2 and 3 is operated by the
user from the components themselves. Thus, once the
coupler is plugged into a source of power and the com-
ponents plugged into the appropriate terminals of the
coupler, the user need not further concern himself with
the coupler. The user can select either of two operating
modes merely by activating the normal on-off switches
of components connected to the coupler. In the first
mode, the coupler is set to operate the component at-
tached to terminals 18 (the “slave” component) in syn-
chronism with the component attached to terminals 16
(the “master” component). Advantageously, the latter
component is one having an automatic shut-off feature
such as is found in a tape deck, record player, or the
like. In this case, the component attached to terminals
18 is typically then an amplifier which is connected to
receive the output of the component attached to termi-
nals 16. In the second mode of operation, in contrast,
the application of power to terminals 18 is controlled
solely from the component attached to these terminals.
This mode is useful, for example, when it is desired to
operate an amplifier and an associated tuner or other
component not using an automatic shut-off feature.
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Both modes of operation start from an initial state in
which the switches 20a and 22a of the components
connected to terminals 16 and 18, respectively, are
“off”’ or “open” and flip-flops 48 and 50 are reset. In this
state, no current flows through primary winding 34
and triac gate 36b is therefore denenergized; accord-
ingly, accordingly, no current flows through triac 36 or
primary winding 54¢ of transformer 54. Terminal 184 is,
however, at a “high” potential since it is connected to
power terminal 14a through resistor 80. Capacitor 74 is
thus charged and the output of comparator 78 is at a
“high” level. Flip-flops 48 and 50 are reset, and control
gate 36) receives no input from flip-flop 48. This is the
quiescent or “home” state of the system. -

When component 22 is switched “on”, that is, when
its switch 224 is closed, current begins to flow through
this unit via resistor 80. The magnitude of this current is
determined by the input impedance of component 22,
and the value of resistor 80. The input impedance of

or s0) and the magnitude of the current through the
component can thus be limited to the order of a milliam-
pere or so by selecting the value of resistor 80 to be of
the order of 1000 ohms or so. This “trickle” current
serves the purpose of dropping the voltage at terminal
18a to a relatively low value. This 1n turn drops the
voltage on capacitor 74 to a low value, thereby causing
the output of comparator 78 to drop to its “low” state.
The resultant negative going pulse is coupled through
gate 46 to flip flop S0 to set the output of this flip flop to
a “high” state.

At this point, the user selects the mode in which the
system 1s to operate. If the coupler is to operate in the
“automatic’’ mode in which component 22 is controlled
by the state of component 20, the user now closes
switch 20q in component 20. This causes current to flow
through primary winding 34a and thus through second-
ary winding 345 of transformer 34. Capacitor 41 is
thereby charged and triac control gate 360 is therefore
energized through OR gate 44. At the same time, the
INHIBIT input of gate 46 is energized to block the
passage of further control signals from comparator 78.
When gate 365 1s energized, it “fires’’ triac 36 to thereby
connect power from terminals 14 to component 22 via
terminals 18. Power remains applied to terminals 18 as
long as switch 204 remains closed. -

At the end of the program material, switch 20q is
automatically opened. This cuts off current flow
through transformer 34 and capacitor 41 1s allowed to
discharge. When it discharges sufficiently, it deener-
gizes control gate 365 and thus cuts off current through
triac 36. At the same time, it releases the INHIBIT input
to gate 46 so that signals from trigger 78 can again pass
through this gate. |

When the current through transformer 54 is termi-
nated, capacitor 60 begins to discharge and, when it
reaches a sufficiently low level, the output of compara-
tor 64 falls. The resultant negative pulse is applied to
flip-flops 48 and 50 to reset these flip flops. A small
trickle current flows through resistor 80 as long as
switch 22a is “on” or “closed”, but the system is other-
wise inactive. The system remains in this state until
switch 22g is again opened. At that time, the trickle
current through resistor 80 ceases and thus terminal 184
rises to a high potential and capacitor 74 charges. The
system is thus ready to detect the next change in state at
terminal 184.
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If, instead of placing the system under control of
component 20, the user wishes to retain control from
component 22, he or she may do so by actuating switch
22a of component 22 as was previously the case. This

- causes trickle current to flow through resistor 80 and

drops the potential at terminal 184, Capacitor 74 thus
begins to discharge and, after it discharges to a prede-
termined value, comparator 78 applies a negative pulse
through gate 46 to set flip flop 50 as was previously
described. Now, however, the user again switches com-
ponent 22 off, that is, opens on-off switch 224. Terminal
18a again rises to a high potential and charges capacitor
74. The user then again turns component 22 on, that is,
closes switch 22. This drops the potential at terminal
182 and causes capacitor 74 to discharge. The resultant
negative going output from comparator 78 is again
coupled through gate 46 to toggle flip-flop 50 to its Q
state. This in turn toggles flip flop 48 to its Q or “high”
state to thereby energize control gate 366 through OR

component 22 is typically low (of the order of 100 ohms 20 83ate 44. Triac 36 1s thereby turned on and power is

applied to terminals 18 from terminals 14 through triac
36. This power remains applied as long as switch 22a
remains closed. '

When it is desired to turn the system off, the user

5 again opens switch 224. This interrupts current flow
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through primary winding 54a of transformer 54 and
capacitor 60 discharges. The output comparator 64
thercupon drops to a low level, thereby resetting flip
flops 48 and §50. The energizing signal to control gate
360 is thereby cut-off, and triac 36 ceases to conduct
current. The system 1s once again in its quiescent state.

From the foregoing it will be seen that I provided a
simple, inexpensive coupler which can be used by per-
sons without technical competence to quickly and eas-
ily couple together components into a unified system
controlled by the automatic cut-off capability of any
one of the components. The system requires no internal
wiring changes in the components whatever, and thus is
not only simple to use, but also avoids possible voidance
of component warranties. It allows the user to select
either the coupled or the uncoupled mode of operation
easily and conveniently from a main component such as
an amplifier.

It will be understood that changes may be made in
various of the details of the illustrative example set forth
herein, without departing from either the spirit or scope
of the invention. Thus further power flow loops in
parallel with loops 30 and 32 may be provided to ac-
comodate a larger number of components, either as
master or as slave. The specific circuitry that imple-
ments my invention may be modified by substituting
different components performing essentially the same
function. Or the coupler may be used 'with components
connected solely to the secondary power transfer 1oops.
Various other modifications will suggest themselves to
those skilled 1n the art and it is intended that the forego-
ing be taken as illstrative only, and not in a limiting
sense, the scope of the invention being defined with
particularity in the claims.

What I claim:

1. An audio component coupler for externally inte-
grating separate audio-visual components for coupled
operation, comprising a housing having at least a main
electrical power connector for receiving power from a
power source, and first and second component electri-
cal power connectors for supplying operating power to
components separatély connectable externally thereto;
means defining a first power transfer path interconnect-
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ing said main electrical power connector and said first
component power connector, said first path including
sensing means providing an indication of the transfer of

power along said path; and means defining a second
- power transfer path interconnecting said main electrical
power -connector and said second component power
connector, said second path including power interrup-
tion means having switching means settable by the user
to either of two independently selectable states in which
the flow of power in the second path is responsive to the
flow of power in said first path when set to said first
state and is independent of the flow of power in the first
path when set to said second state.

2. An audio component coupler according to claim 1
in which said sensing means comprises a current sensor.

3. An audio component coupler according to claim 1
in which said sensing means comprises a transformer
having a primary winding in series with said first power
transfer path for sensing the flow of current therein, and
a secondary winding magnetically coupled to said pri-
mary winding and providing an electrical output indica-
tive of the current in said primary winding.

4. An audio component coupler according to claim 3
in which said switching means includes a triac coupled
to the output of said secondary winding and operable to
control the flow of power in said second power transfer
path. |
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5. An audio component coupler for externally inte-
grating separate audio-visual components for coupled
operation, comprising a housing having at least a main
electrical power connector for receiving power from a
power source and at least first and second component
electrical power connectors for supplying operating
power to components connectable externally thereto, at
least one of which is a switched component having a
user-operable on-off switch for controlling the applica-
tion of power thereto; means defining a power transfer
path interconnecting said main electrical power con-
nector and said component power connector, said path
including current means providing an indication of the
transfer of power along said path; voltage establishing
means for establishing the voltage of a selected point in
the power transfer path in accordance with the setting
of said on-off switch; voltage sensing means for sensing
the voltage at said selected point, and means responsive
to both said voltage and said current sensors for com-
pleting said power transfer path on cycling of said on-
off switch by the user through a predefined sequence of
states including at least a first state in which the flow of
power through said transfer path to said switched com-
ponent is dependent on the flow of power through a
separate component connected to said main power con-
nector, and a second state in which the flow of power
through said transfer path to said component is indepen-

dent of the flow of power through other components.
¥ % x x %k
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